separated by sieving together with some 10-15% of the adherent endosperm. It varies in composition according to the type of wheat and the technical details of milling. Pure or clean bran is generally regarded as consisting of the pericarp, seed coats and aleurone layer, as the last, although morphologically the outermost layer of the endosperm, remains firmly attached to the seed coats and resists separation by mechanical means. A good description, with drawings, of the microscopical appearances of the different tissues composing wheat bran is given by Winton & Winton (1932) . 
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that no starchy endosperm adhered, were found by him to constitute about 144y0 of the total weight of the grain and to contain 2'9% nitrogen, or about 17% protein. By a Combination of experiments, in some of which the enveloppe was subjected to various chemical treatments and microscopical examination made of the residue, and in others where the different layers were separated by hand and analysed, the figures given in Table 2 were obtained. From these figures, which represent mean values derived from several samples of wheat including both European and Australian varieties, it will be seen that the aleurone layer and the germ are the most proteinaceous components of the wheat kernel. The figures in Table I , which are also based on Girard's researches, show the contribution made to the total nitrogen of the grain by different 'offals' discarded in the milling of white flour from an average sample of wheat containing 2.2% of nitrogen, or about 13 % of protein. Girard estimated that the aleurone contributes about 16 % of the nitrogen of the grain and nearly 9 % of the total weight. This seems a high figure considering that this layer consists of a single layer of cells, but more recent observations quoted by Booth, Carter, Jones & Moran (1941) , and bur own measurements of the volume of the aleurone layer, indicate that Girard's estimate was not excessive.
The germ is usually stated to contribute rather less than 2 % of the total weight of the kernel, the values given varying from 1.0 to 2-5, but the amount will depend on how much of the scutellum is removed along with the embryo (Moran & Drummond, 1945) . Its contribution of about 4% to the total nitrogen of the grain is, therefore, relatively small.
The proteins contained in bran were investigated by Jones & Gersdorff (1923 , 1925 . They separated an albumin, a globulin and a prolamin from clean bran in quantities sufficient to account for 86% of the total nitrogen; of the total protein extracted, 27 % was albumin, 22 yo, globulin and 5 I yo prolamin. They made a partial analysis of these and found that they differed in elementary composition and contained higher: proportions of the essential amino-acids, arginine, lysine and tryptophan, than the proteins of the endosperm (see also Murphy & Jones, 1926) . The bran globulin had a lysine content of about I I yo, a value which has only been exceeded by that of p-lactoglobulin (see Block & Mitchell, 1946 1946) , who estimated the content of all the essential aminoacids in the mixture of proteins contained in different fractions of the wheat grain by microbiological methods. The significance of their results for the nutritive value of bran obviously depends on the extent to which these proteins are available to the animal since they are enclosed in thick-walled aleurone cells. With the ruminant this presents little difficulty, as the bran is retted and the cell walls digested by the action of the rumen bacteria, but in man and non-ruminating animals this does not occur until the food residues reach the caecum and large intestine. Earlier work on the nutritive value of wholemeal bread led to the conclusion that the bran was digested to a considerable, if variable, extent by man, and that much of its nitrogenous material was made available provided it was well diluted by the other constituents of the diet (Rubner, 1883 ; Hindhede, 1923 ; Johansson, 1917; Wiegner, 1918) .
The only experiments we have discovered in the literature, in which bran was eaten by human beings and its digestibility investigated, are those of Girard (1884) and of Borgstrom (1941). Girard experimented upon himself and concluded that the degree of digestibility was negligible. Borgstrom, from experiments on four human subjects, decided that nearly 90 % of the nitrogen was absorbed. The reason for such discordant results is not obvious. Individuals appear to differ in the extent to which they can cope with bran owing to its laxative properties, especially if the bran is taken in large quantities. More consistent estimates of the digestible nitrogen in wheat bran have been derived from investigations on the relative digestibility of the nitrogen in wholemeal and white flour in which the diet was composed largely of bread (Rubner, 1883; Macrae, Hutchinson, Irwin, Bacon & McDougall, 1942) ; these indicate that about 60% of the nitrogen of bran is absorbed during passage through the human gut.
Higher figures, ranging from 72 to 90%, have been obtained in in vitro tests in which gastric and intestinal enzymes were employed (Rubner, 1883 ; Borgstrom, I941 ; Booth & Moran, 1946).
The previous work on the digestibility of bran proteins is described in greater detail below (p. 166), together with our own observations. These were confined to in vitro tests and to observations on the fate of bran tissues and of the nitrogen in them during their passage through the alimentary canal of rats and pigs. I n SO far as the former were a repetition of those of previous workers, they yielded confirmatory results.
The nutritive value of bran proteins was investigated by , who showed that the proteins of bran possessed a higher growth-promoting capacity for young rats than those of white flour, a result later confirmed by Murphy & Jones (1926) and by , Hove, Carpenter &-Harrel (1945) . The 'protein efficiency ratio' (P.E.R. = g. weight increaselg. protein ingested) found for bran proteins was about 2.0 and for white flour from 0.5 to 1.2, according to the type employed. In recent studies from this laboratory (Chick, 1942; Chick, Copping & Slack, 1946) it was shown that the growth-promoting value for the young rat of the mixture of proteins in whole-wheat
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flours (100% extraction) and of that in National flours of 85% extraction was, respectively, about 20 and 16% higher than that of the proteins contained in white flour (70% extraction) milled from the same grist.
In the few measurements that have been made of the biological value of proteins by the method of Karl Thomas, as modified by Mitchell for use with growing rats (Mitchell, 1924a, b; Mitchell & Carman, 19z4 ), values of 57 and 47, respectively, were found for the nitrogen of bran and white flour by Klein, Harrow, Pine & Funk (1926) , and of 74 and 84, respectively, for bran and pollard by Marais & Smuts (1940) . Better nitrogen'retention from wheat flours containing bran fractions was shown by Jacquot and his colleagues both with rats and human sucjects Jacquot, TrCmolikres, Guillemet & Erfman, 1944) .
Since the nitrogen of bran supplies about one-fifth of the total present in wheat and is largely derived from the aleurone layer, it was our desire to study the nutritive value of bran proteins in the separated condition. This we were unable to do owing to the difficulties encountered in the efforts to obtain the quantity needed for a biological test. We have been able, however, to estimate the value of these proteins indirectly by observing the effect produced on the protein efficiency ratio by the addition of bran to white flour in varying proportions. These experiments are reported below (p. 174), and indicate that the P.E.R. of the mixed proteins of bran is approximately twice that of the proteins in white flour of 70% extraction.
E X P E R I M E N T A L
AMOUNT OF THE ALEURONE LAYER
Booth et aZ. '(1941) concluded that average figures for percentage weight of the kernel were: 6-7 for the aleurone, 4 for the pericarp, 2.5 for the testa and nucellus, 2.5 for the germ (scutellum and embryo proper) and 85 for the endosperm. We attempted to confirm the figures for aleurone and pericarp by mensuration.
If the wheat grain is regarded as an ellipsoid, its volume can be ascertained with close approximation from measurement of its diameters along the major and minor axes, the volume being expressed as +T x $u x $b x &, where a, b and c represent these diameters. This assumption was tested by direct measurement of the volume by displacement of water, and it was found that the direct measurement and calculated volumes agreed within 4% and generally less, when the average measurements from twenty grains were used for the calculation and the same twenty grains were used for the measurement by displacement.
To calculate the volume of the aleurone layer it was necessary to know the mean thickness of the pericarp and of the aleurone at the same state of hydration as that at which the volume of the whole grain was computed. We employed grains of wheat which had been soaked in water for 24 hr., at the end of which time they had doubled their original volume and were also in a suitable condition for sections to be cut either by hand or with a freezing microtome. The thickness of both aleurone and pericarp was measured with a micrometer eyepiece at a magnification of 60 diam., and the mean thickneas of each was estimated from observations in different situations.
VOl. I
The nutritive value of bran 165 For simplification our measurements included the testa and nucellus with the three layers of the pericarp proper. Assuming for the moment that the coats cover the surface of an ellipsoid, subtraction of the mean thickness of the pericarp from the 'half diameters' gu, =@, & in the above formula would give the volume of the grain without the pericarp, and subtraction of the combined thickness of both pericarp and aleurone, the volume of the grain without both these layers. The difference between these two volumes would be the volume of the aleurone.
These are not the true values, however, because in the grain both aleurone and pericarp are tucked in at the raphe and extend half-way across the transverse section of the grain. By measuring the extension produced by this infold the necessary correction to be applied was found to amount to an increase of about 25-30% and, in the volumes of the pericarp and aleurone given below, 2 5 % has been added to the geometrical calculations. The weakest point in our computation of the volume of the aleurone and pericarp is the estimation of the mean thickness of the two coats. Neither of them is quite uniform in thickness, and a difference of about 0.005 mm. in the estimate of the mean thickness of either makes a difference of about 10% in the calculated volume.
From six observations on grains of English wheat, of average volume 646 cu.mm. when soaked, the mean thickness of both the aleurone layer and of the pericarp was estimated to measure 0.055 mm. The percentage of the total volume calculated for the pericarp + testa + nucellus was 8.5 (range 7-9-949, and for the aleurone layer 7.6 (range 7-5-74). From the few observations made on a sample of Canadian wheat (variety Manitoba no. 2 ) , of which the average volume of the grains was only 18.3 cu.mm. in the dry state and 39.8 cu.mm. when soaked, the proportion of the total volume occupied by the pericarp and seed coats was 9.8% and by the aleurone 8.7 yo, indicating that the proportion of starchy endosperm was greater in the plump English grains than in the sample of Canadian wheat. No great accuracy is claimed for these results, but they suffice to show that Girard's (1884) conclusion, that the aleurone together with the nucellus amounted to 8-9% of the weight of the grain, was a reasonable one. Recently, J. C. Hinton, after separation by dissection of the fibrous and aleurone layers of a sample of wheat, found that they amounted respectively to 8 and 7 % of the weight of.the grain (see Booth & Moran, 1946) . From our observations, the proportion of the volume of the aleurone to the total volume is less, and that of the pericarp greater, than the corresponding values found by Girard for their relative weights; our figure agrees, however, with that found by Hinton. Girard concluded that the weights of aleurone and of pericarp + testa were in a ratio of about 40 to 60; our estimates of their volumes would give a ratio nearer 47 to 53. Girard included the nucellus, and probably the unpigmented layer of the testa, with the aleurone layer because he could not separate them from it by dissection, whereas we have reckoned the nucellus along with the pericarp and testa. Girard's measurements would thus add about 10 yo to the weight of the aleurone and deduct a similar amount from the pericarp.
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DIGESTIBILITY OF BRAN AND AVAILABILITY OF ITS NITROGENOUS CONSTITUENTS Previous work
Girard (1884) prepared himself for 2 days by a diet of fluids or of foods so finely divided as to pass through a fine sieve (no. IS), after which he consumed, in addition, a single dose of 5.67 g. of bran. This had previously been soaked in warm water, which had removed about 16% of the original dry matter. The faeces excreted during the succeeding 5 days were passed through a still finer sieve. After this period no solid residue was found to be retained on the sieve. The total weight of the sieved residue, after washing and drying, was 5-19 g., indicating that only 0.48 g. or 8.5 yo of the weight of the ingested bran had been absorbed. From the nitrogen content of the residue Girard calculated that 82% of the nitrogen was not absorbed and, since the aleurone layer provides about 80% of the total nitrogen of the bran, he concluded that most of these cells must have resisted attack in the human alimentary tract. He found support for this view by microscopical detection of aleurone cells in the bran particles recovered from the faeces. In Borgstrom's (1941) tests the subjects were prepared by a 5 days' period on a low-nitrogen diet of sugar and cream with ascorbic acid and vitamin B,. During a subsequent period of 5 days they received daily, in addition, 30 g. bran which had been heated to 97' for I hr. By this addition the daily nitrogen intake was increased from 0.3 to about 1.0 g. The increase in faecal nitrogen, attributed to undigested bran, was found to be 0.1 g., and it was concluded that about 88% of the nitrogen of the bran had been absorbed.
The divergence between the results of Girard and those of Borgstrom is great. Girard's experiments, in which raw bran was swallowed, do not perhaps provide a fair parallel to the eating of boiled bran or bran as included in wholemeal bread, for during the raising and cooking of the dough the moist, warm conditions may cause bursting of cell walls and escape of enzymes and of protein from the cells, including those of the aleurone layer. Moreover, the figures summarized below, found by other workers for digestibility of the nitrogen in wholemeal breads of different types, are in sharp contrast to the results of Girard.
Rubner (1883), from comparison of the digestibility of the nitrogen in wholemeal and white breads, concluded that two-thirds of the nitrogen of the bran was assimilated. He checked this result by another method. By washing and sieving the 'wheatmeal' bread he obtained from IOO g. dry weight, 9 g. of dry, clean bran, of nitrogen content 4%. The composition of the faeces corresponding to the ingestion of IOO g. (dry weight) of the 'wheatmeal' bread was then compared with that of the faeces corresponding to 91 g. of the white bread (dry). In the former case an extra 0.36 g. nitrogen was ingested derived from the 9 g. of bran present. The faeces, however, contained only 0.148. nitrogen in excess of that present in those passed from 91 g. of the white bread. Therefore, 0.22 g. nitrogen, or two-thirds of the nitrogen of the bran, must have been absorbed in its passage through the gut. VOl. I The nutritive value of bran 167 73% extraction) was found to have an average digestibility for six human subjects of 91.1 % and that of wholemeal bread (from flour of 100% extraction) one of 85.5 % .
The figures for the energy absorbed were 96 and 87% , respectively. We have calculated the nitrogen absorbed from bran in these experiments, which are. particularly suitable for the purpose as the flours were derived from the same grist, and the figures for digestibility were the means of those obtained with six individuals. Assuming that 15% of wholemeal flour consists of bran of nitrogen content 3'3%) 1.5% of germ of nitrogen content 6.7 % (see Table I ), all of which is completely digested, and the remainder of white flour, the calculated digestibility of the nitrogen in the bran is found to be 67%, a figure agreeing with that obtained by Rubner. Eckstein & Vogel(1942) investigated the digestibility of whole-grain breads (rye and wheat) of various types by a method reminiscent of that employed by Girard. The branny particles were separated by rubbing up the breads with water to a uniform suspension which was passed through a sieve of standard small mesh until the filtrates were clean. The same process was applied to bread which had been well chewed in the mouth (Mundkleie) and also to the faeces passed by the same human subject after ingestion of the bread. Microscopical examination showed that the branny particles recovered from the faeces (Kotkleie), in contrast to those recovered from the mouth, consisted almost entirely of pericarp ; only a few aleurone cells could be detected, and of these the contours were not well marked and the contents no longer included fat. Analyses of corresponding residues showed that 92'4% of the nitrogen and 82.4% of the fat of the Mundkleie had disappeared during passage through the gut.
The mass of evidence afforded by the above experiments indicates that, when wholemeal bread is consumed, a large proportion of the protein contained in the outer layers of the grain is utilized by the human subject. The figures cited for digestibility of nitrogen refer to apparent digestibility, calculated on the assumption (only partly true) that the nitrogen passed in the faeces represents the undigested nitrogen of the food. Since the faeces also contain endogenous nitrogen derived from gastric and intestinal secretions, figures for true digestibility will be higher.
Rubner (1883) found that, when the cleaned branny particjes (Hillsen) obtained from wheatmeal flour were treated with pepsin in 4% HC1 for 17 hr. at 38-40", the nitrogen content of the residue derived from bran originally containing 4.9 yo was reduced to 1.45 yo and, after a further 17 hr., to 0'94% , i.e. nearly three-quarters of the original nitrogen had been rendered soluble. Action of pancreatic juice caused a rapid diminution in the opacity of the contents of the aleurone cells and sometimes complete clearance, but on other occasions the cell contents appeared unaltered after 34 hr. Rubner attributed the slowness of these actions, as well as the relatively low digestibility of the bran proteins in the human gut, to the difficulty of passage for the enzymes through the cell walls of the aleurone in which the greater part of the nitrogen is contained.
In Borgstrom's (1941) experiments about one-third of the nitrogen of bran, ground to pass a sieve of mesh I mm., was rendered soluble by pepsin at pH 1'7 in 2 hr. at 37O, and about one-half by the action of trypsin at pH 8.1. When the bran was exposed to the action of human gastric juice for 3 hr. followed by that of duodenal juice for
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2 hr., 71 yo of its nitrogen was dissolved. If, however, each of these stages was prolonged to 4 days, with repeated renewal of the digestive fluids, 60% of the dry matter and 90% of the nitrogen went into solution.
Booth & Moran (1946) subjected a sample of finely ground bran, which had been cleaned as far as possible from adherent endosperm, to the following successive operations at 37': warm water 30 min.; ptyalin 30 min.; pepsin 4 hr. at pH 2.0; pancreatic enzymes 16 hr. at pH 8.0-8.5. As a result of these operations they found that 72 yo of the nitrogenous material originally present had been digested. When the bran was previously cooked the proportion of nitrogen digested was 65 yo. The loss in weight resulting from the above treatment, representing the proportion which would become available to animals, was 29% for the uncooked, and 34% for the cooked, sample.
Present experiments
In the present work the digestion of the proteins of wheat bran was studied by in vitro methods, so that the results could be compared with the changes observed to take place in bran on its passage through the alimentary canal of the rat and the pig.
(a) Experiments in vitro
A sample of commercial bran (bran A) containing 2.6 % nitrogen on the dry weight was subjected to the following series of treatments designed to reproduce the course of events taking place in the mammalian gut. About 2 g. bran of known moisture content were weighed into a large test-tube, about 20 ml. of distilled water added, and the tube placed in a water-bath. The water in the bath was brought to the boil, kept there for 10 min. and then allowed to cool before the tube was removed. Its contents were filtered through a hardened filter-paper, the residue washed well with hot water, scraped off the paper, dried at I I O O and weighed. After a portion of the residue had been taken for nitrogen estimation, the remainder was put into a flask with 10 ml. water and 10 ml. human saliva and incubated at 40' for I hr. It was then filtered, the residue washed and a portion removed for dry-weight and nitrogen estimation as before. The remainder was kept at 40° with a I % solution of pepsin in N/zo-HCI for about 18 hr. Of the residue from the pepsin digestion a portion was kept for analysis and the remainder incubated for 18 hr. at 40' in a trypsin solution maintained at pH 8.0 with a phosphate-buffer mixture. Finally the residue from the trypsin solution was washed, dried and its nitrogen content determined. In order to obtain consistent results it was found necessary to carry out all the above treatments successively on the same sample of bran.
The results of four such experiments are given in Table 3 . They show that, as a result of these successive digestions, about one-half of the total solids and threequarters of the nitrogen of the original bran were digested, results very close to those obtained by Rubner (1883) in which digestion with pepsin was omitted, the results showed that by the action of trypsin alone almost as much solution took place, both of total solids and of nitrogen. After each stage in the procedure, the bran residue was examined microscopically. The preliminary treatment with boiling water caused little change in the appearance, except that in some cases a small amount of the aleurone layer had become detached from the pericarp. After digestion with ptyalin all starch had disappeared, but the bran was not otherwise affected. After treatment with pepsin and HCl the aleurone layer was seen to be separated from the pericarp and frequently broken into small pieces; the cell contents were less opaque, and in some cases the fine particles of fat had coalesced to form one large fat globule. The degree of disintegration of the aleurone cells and the effect on their constituents after trypsin digestion varied in the different experiments. The aleurone cells were often in groups of two or three or small aggregates; the opaque contents had disappeared, the particles of fat had coalesced and the cell walls had become more tfansparent. It seemed as if the protein contents of the cell had been digested by the trypsin, leaving behind the nucleus and fat. In the same specimen, however, some aleurone cells were still found with contents which appeared to have undergone little alteration.
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In the following experiments an attempt was made to follow more precisely the fate of the aleurone cells during their passage through the alimentary tract and to determine the degree of digestion of the nitrogen of the bran at different stages.
Experiments with rats
Rats, about 150 g. in weight, were given the following diet, in which commercial bran provided the only source of nitrogen: bran A, ground to 'medium' fineness, 71 parts, pure maize starch 22, hardened arachis oil 4, salt mixture (McCollum's no. 185) 2, cod-liver oil I. T o each IOO g. of the mixture IOO ml. water were added and the whole steamed for about I hr. The diet formed a homogeneous cake which was convenient to feed. One ml. daily of a protein-free yeast extract was given separately to each rat to provide adequate amounts of B vitamins.
Microscopic examination of the contents of difleerent portions of the alimentary canal. Rats which had received this diet each morning for 3 days were killed at about I I a.m., care being taken that sufficient food in excess of appetite had been given on the previous day. The alimentary canal was removed and the stomach, duodenum, ileum, caecum and large intestine separated. The contents of each portion were removed and examined microscopically and the undigested bran analysed for nitrogen content. The contents of the different regions of the alimentary canal were rubbed up in water to form a fine emulsion and centrifuged at low speed. The supernatant cloudy fluid containing bacteria, some other small particles and soluble nitrogenous matter, was removed and the process repeated until it became clear. The washed residue was then dried and its nitrogen estimated.
In the stomachs of seven of nine rats the bran had undergone little apparent change. In that of two rats, however, the contents of the cardiac portion presented a picture of disintegration and solution which was not seen in the gut of the other seven rats until the caecum was reached. The different layers of the pericarp had become separated and the aleurone layer detached. Some of the aleurone cells were empty, others contained only an occasional fat globule. The pH of the contents was 6.5 and bacteria were abundant, indicating that the food 'had sojourned in the cardiac portion for some considerable time.
In the ileum the aleurone layer was usually separated from the pericarp and broken up. The contents of its cells were less opaque, contracted in size and in some cases absent, leaving empty pieces of honeycomb. In the caecum and rectum the process had gone further; in the latter little of the remnants of the aleurone layer could be recognized.
The appearance of bran after subjection to in vitro or in vivo action of gastric and intestinal enzymes was much the same. In both cases the digestion of the contents of the aleurone layer, begun by the pepsin, was completed by the trypsin, but, during the passage through the gut of the living rat, there was more complete separation of the different layers of the pericarp and more general disintegration, doubtless due to the additional action of bacteria. Nitrogen content of the residues recovered from different portions of the rat's gut. In Table 4 are given the results of five experiments. In three of these the rats were fed on bran A, the sample used for the in vitro experiments (see Table 3 ), and in the remaining two on bran B, the sample employed in the test with pigs to be described later. In spite of the variations that might have been expected, consistent results were obtained. The average nitrogen content of the residue from bran A recovered from the stomach was 2.08y0 (rats A, B and Y, Table 4 ). This figure may be compared with the value of about 1.9% found in the bran after treatment with hot water, ptyalin and pepsin in vitro and presumably represents the removal of a similar amount, about 55 yo, of the original nitrogen (see column 6 , Table 3 ). Similarly, the average figures obtained for the nitrogen content of the branny residues obtained from the rectum (1'07%) and faeces (0.97%) are not inconsistent with the average of 1.15 yo obtained for the residue after treatment with hot water, ptyalin, pepsin and trypsin, and correspond to a loss of about 67% of the original nitrogen. The figures for the residues obtained from rats 12 and 13 and rats 14 and 15 fed on bran B are all slightly lower, a fact probably accounted for by the lower nitrogen content of the original bran.
A figure of the same order was obtained by , who fed rats on a diet containing 55 yo of commercial bran with salt mixture, starch, butterfat and lard, and found that 75-80 yo of the total food and 7 0 7 5 % of the nitrogen were utilized.
Experiments with pigs
Due to the kindness of Mr R. S. Comline we obtained stomach and intestinal contents from pigs which had been fed on a sample of the bran B which was used for the diet of rats 12-15 (Table 4 ).
The bran had been finely ground and was in very small pieces, but the aleurone
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layer was still firmly adherent. It was mixed with a little water before feeding and chromium oxide was added as a faecal marker. In some cases the bran had been heated in an oven. The pigs, which were 36-48 lb. in weight, were usually killed 2-3 hr. after their last meal. The digestion of the aleurone layer was found to have proceeded further in the stomach than was usual with the rat. The layer remained adherent to the pericarp, but the cell contents had become lighter in colour and less dense, and oil drops were almost invariably present. In the duodenum the cell contents were still clearer and separation of the layer from the pericarp had taken place. In the caecum and rectum aleurone cells were seldom to be seen. The results of chemical analyses of the bran residues recovered from the different portions of the gut were consistent with the microscopic appearances ( Table 5) . Before analysis these residues were well washed in the same way as those recovered from the intestine of the rat. The average nitrogen content of the residue recovered from the stomach was 1.08%, and from the rectum 0.57% (dry weight), as against 1.68 and 0*89y0, respectively, for the rat (see Table 4 ). One may conclude that the nitrogen of the bran was more thoroughly digested by the pig than by the rat.
THE NUTRITIVE VALUE OF THE PROTEINS CONTAINED I N BRAN
Previous work
The convenient method of determining the nutritive values of proteins introduced by Osborne & Mendel (see Osborne, Mendel & Ferry, 1919 ) is the one that has been most generally used for the proteins of bran. Values are expressed as g. weight gains of young growing rats/g. of protein consumed. The figure arrived at by this means has been designated the 'protein efficiency ratio' (P.E.R.) by Block & Mitchell (1946) , and we adopt this expression throughout this paper. When this method has been employed with due attention to certain conditions of the experiment, chief amongst which are that the protein under test be fed in adequate but not excessive amounts, that the diet provide sufficient energy and furnish all the necessary vitamins and that the observations be carried out for at least 5-6 weeks, consistent results have been obtained with isolated proteins. The determination of the P.E.R. presents difficulties, however, 
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and may be frustrated when attempts are made to evaluate the nutritive value of the mixed proteins in a foodstuff. This is particularly so when, as in bran, the proteins are enclosed in dense tissues from which they are with difficulty and uncertainty extracted and the diet contains an excess of indigestible material. Under these circumstances the P.E.R. will be underestimated to a variable extent.
In their classical paper on the nutritive value of the wheat kernel Osborne & Mendel (1919) described experiments with bran and with a patent white flour. On the bran diet only one of the four rats could cope with the excessive roughage, but this animal made satisfactory growth and the experiment gave a value of 2.0 for the P.E.R., whereas with patent flour the figure obtained was only 0.50. Murphy & Jones (1926), using Osborne & Mendel's method, were more successful in getting rats to grow on a diet containing 20% of fat and 10.5 % of protein furnished exclusively by bran. They made an experiment with eight rats and continued it for 200-300 days.
During the first 6 weeks the rats grew relatively well, the average weekly weight increase being 9-7 g. The range of the P.E.R. was 1-55-2'13 with a mean of 1-83. 
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Growth-promoting value of bran proteins for young rats
Four experiments, each lasting 6-7 weeks, were made with diets in which the proportion of nitrogen was approximately constant and was derived, respectively, from white flour of 70% extraction (Exp. I), from a mixture of about 80 parts white flour and 20 parts commercial bran (Exp. 2), from a mixture in which about 50 parts of the nitrogen were derived from white flour and 50 from bran (Exp. 3), and from bran alone (Exp. 4). In Exp. 5 the nitrogen of the diet was derived from a sample of outer endosperm (see p. 179).
The composition of the diets is set out in Table 6 . The sample of white flour contained 70% starch and the bran 8.1 %; it was, therefore, estimated that there was about I I yo starchy endosperm adhering to the bran. 1 By calculation from the ingredients of the diets. § From results of bomb calorimetry tests on diet and faeces.
The amount of protein in the diets was between I I and 12 yo. It was intentionally suboptimal and provided only about one-tenth of the total digestible energy in the diet. As the proportion of bran in the diet was increased, the total digestible energy/ 100 g. of diet diminished from 430 Cal. in the white flour diet to 320 Cal. in the diet in which the whole of the protein was derived from bran. This handicap must be borne in mind in the interpretation of the results of the latter experiment.
The tests were made on young rats (Lister pied strain) weighing about 44-47 g. They received the above diets shortly after weaning. Each rat was also supplied daily with I ml. of a protein-free yeast extract, equivalent to 0.5 g. of dry yeast, to supply extra B vitamins. The sexes were distributed evenly among the groups on the different 
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diets, and the animals were allowed to feed ad lib. The rats were kept singly in cages fitted with open-mesh floors so that the faeces and unconsumed food which dropped through could be collected from the sheets of filter-paper placed underneath. An estimate could thus be made of the food intake and of the digestibility of the nitrogenous matter in the food. In the analyses and subsequent calculations, groups of 4-5 rats on the same diet were treated as one unit. Further details of the method have been published by Chick (1942). The results of Exps. 1-5 are summarized in Table 7 , and the average growth rate of the rats receiving the different diets is shown in Fig. I . The incorporation of bran in the diet had notable effects on the following factors.
(a) Growth
The rats in Exp. I on the diet in which all the protein was derived from white flour grew poorly, and the average weekly weight increase was only 5-6 g., but in Exps. z and 3, as part of the protein derived from white flour was successively replaced by an equal amount of protein provided by bran, the growth of the rats improved. The average weekly weight increase in Exp. 2, in which one-fifth of the white flour protein was replaced by bran protein, was 8.8, and in Exp. 3, in which one-half of the white flour protein was similarly replaced by bran protein, it was 10.9 g. When, in Exp. 4, the proportion of bran in the diet was increased until it provided all the nitrogen in the diet, however, the average weekly weight increase was 9.1 g. (see Fig. I ). The probable reasons for the poor utilization on the all-bran diet will be given below.
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(6) Intake of nitrogen
The replacement of 20 and 50 parts of white flour by bran protein in Exps. 2 and 3 increased the consumption of food and nitrogen by about 30%. In Exp. 4, however, in which all the protein was supplied by bran, the intake of food was only 16 yo, and of nitrogen 3 yo, in excess of that consumed on the white flour diet. 
7-
8-A
Exp. 5. Outer endosperm.
(c) Digestibility of the proteins in the mixtures As the percentage of bran in the diet was increased, the digestibility of the nitrogen of the mixtures was progressively reduced from 88.6% with the white flour diet to 63.1 yo with the all-bran diet. Intermediate values of 83 and 75 yo were obtained for the coefficients of digestibility of the diets containing 20 and 50 parts of bran protein remectivelv.
Vol. I
The nutritive value of bran I77
The value obtained for the digestibility of bran nitrogen in Exp. 4, 63.1 yo, was the same as that estimated from the results of the examination of the washed residues of the faeces of the rats fed on bran (see Table 4 ). proteins which included the measurement of the P.E.R. of a number of cereal products, amongst them that of wheat bran. Their experiments were carried out on ten rats for 6 weeks, the diet containing 9-9 % protein, all of which was derived from commercial bran. Their sample of bran contained about 3 yo nitrogen, which made it unnecessary for them to include more than 62% in the diet. The mean value for the P.E.R. was found to be 2.15 ( 5 0.09). We could not hope to better this experiment and have accordingly adopted 2-15 as the P.E.R. of a mixture of bran proteins and endosperm proteins in the ratio 90 : 10, assuming that their sample of bran contained about 10% adherent endosperm. If we adopt the figure of 2.15 for the P.E.R. of the proteins (N x 6.25) as existing in commercial bran and the figures found by us for white-flour proteins and for mixtures of these and bran protein in Exps. I, 2 and 3, the improvement in P.E.R. is found to be roughly proportional to the percentage of bran proteins in the total protein of the mixtures. In these calculations allowance is made for the amount of endosperm protein in the white flour adhereht to the bran. When the values obtained for P.E.R. are plotted against the proportion of proteins derived from clean bran, the experimental points fall on or about a straight line (see Fig. 2 ). This line does not meet the vertical axis
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'947 at zero, since the white-flour proteins had a P.E.R. of 1-21. If y = P.E.R. and x = % bran protein in the total protein, the equation to this line is y=o-o104x+ 1-21, from which the P.E.R. of the proteins as they exist in bran can be calculated to be about 2.25. This is a minimal value owing to the inability of the animal to extract the whole of the nitrogen from the indigestible matter in which it is included and to the fact that not all the nitrogen in the bran is protein nitrogen. From this straight-line relationship there is no doubt that the nutritive advantage of adding bran to white flour is due to the addition thus made of some essential nutrient. The nature of this essential constituent is not far to seek, endosperm proteins being poor in lysine and tryptophan, especially the former, and bran proteins containing about twice as much of these essential amino-acids as endosperm proteins (see Jones This straight-line function indicates that there is no significant reciprocity on the part of the endosperm proteins, although this might be possible as they contain more leucine and phenylalanine. For, if it were so, the effect of mixing bran proteins with those of white flour would be to produce at first a rise and then a fall in the value of the P.E.R. as the proportion of the former was increased.
The nutritive value of the proteins in the outer layers of the endosperm (1945) . Barton-Wright & Moran (1946) estimated the amounts of the ten essential amino-acids in the proteins of the outer endosperm and compared them with those of the inner endosperm. Their results suggested that the former were of better nutritive quality. It was, therefore, thought of interest to include in the present series of experiments a further one in which all the nitrogen in the diet was derived from outer endosperm. The sample, provided by Dr Moran, was not obtained from the same grist as the white flour and bran used in Exps. 1-4, but from a grist composed of a similar mixture of wheats. It was prepared by a process in which coarse bran was freed as far as possible from adherent endosperm by successive passage between fluted rollers and finally through a bran finisher in which beaters removed a further quantity of endosperm. In these operations the endosperm separated during the last passage would contain a higher proportion of the outer portions and probably some aleurone. A diet was made similar in composition to diets 97 and 98 (see Table 6 ) with a sample of this outer endosperm, which contained 2-65 % nitrogen on the dry weight. The nutritive value of its protein, while superior to that of those contained in white flour, was found to be inferior to that of the proteins in the mixtures of white flour and bran in Exps. 2 and 3 (see Table 7 and Fig. I ). SUMMARY I . The amount of the aleurone and pericarp was estimated from measurements of the volume of the wheat grain and of the thickness of these two coats. From these measurements it was concluded that the aleurone occupies from 7.5 to 9% of the volume of the grain, according to the variety of the wheat, and the pericarp somewhat more. This average figure for the aleurone is somewhat lower than that which Girard (1884) arrived at after separating the aleurone by dissection and weighing it, but corresponds to that recently found by Hinton (Booth & Moran, 1946) . 2. Experiments are described in which bran was treated succeSsively with hot water, saliva, pepsin-HC1 and trypsin at pH 8, and determinations made of the amount of material and of nitrogen dissolved by each treatment. Reckoned in IOO g. bran, the average amount dissolved by hot water followed by saliva was 30 g., by pepsin
